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Abstract
Leishmaniasis is considered a rural disease in Europe. However,
circumstantial evidence has indicated urban transmission of leish-
maniasis and phleboviruses in the urban area of Marseille, France.
To investigate this urban transmission, sandﬂies were trapped in 33
locations in the urban area (horse farms, public gardens and a
residential area). Sandﬂies were always captured: 87.8% were
Phlebotomus perniciosus, a vector of Leishmania infantum and Toscana
and Massilia viruses. RT-PCR and cell culture inoculation identiﬁed
the Massilia virus in 2/99 pools of sandﬂies, and PCR identiﬁed
Leishmania in 5/99. No dual infection was observed, but both
pathogens were detected in samples from the same trapping site.
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Introduction
Sandﬂies are vectors of numerous pathogens, including
Leishmania parasites and several arboviruses, in particular
phleboviruses (family Bunyaviridae). In France, involved sand-
ﬂies belong to the Laroussius genus: Phlebotomus perniciosus and
Phlebotomus ariasi.
Leishmaniases and arbovirus infections are public health
problems in Europe. Yearly, 400 cases of visceral leishmaniasis
due to Leishmania infantum are reported in Europe and
cutaneous and mucosal diseases also occur [1,2]. Some
phleboviruses encountered in the Mediterranean area (e.g.
Toscana, Naples and Sicilian viruses) cause human diseases [3].
In southern Europe, Toscana virus proved to be a major cause
of meningitis during the summer [4]. The pathogenicity of
Massilia virus in humans remains unknown [5].
Sandﬂy-borne diseases such as leishmaniasis are considered
rural or periurban diseases in France, as in most affected
territories in Europe [6]. However, recent circumstantial
evidence incriminated urban transmission in France: the city of
Marseille (850 000 inhabitants) proved to be one of the most
active foci of leishmaniasis [7,8]. Urban transmission of
leishmaniasis was previously incriminated in Madrid, Lisbon
and Athens [9–11]. Moreover, Toscana virus transmission was
demonstrated in Marseille [4].
Sandﬂy-borne infections have been spreading in Europe
for the last decades [3,12]. Further spread is feared because
underlying phenomena persist: movements of vectors and
animal carriers, and environmental changes notably related
to global warming [12–14]. An accurate understanding of
their epidemiology is therefore necessary. To address
urban transmission, we trapped sandﬂies in the urban area
of Marseille and investigated virological and parasitical
circulation.
Material and Methods
Sandﬂies were collected during the summers of 2009 (August)
and 2010 (July and August) in the built-up parts of the urban
area of Marseille (c. 350 km2 and 1 000 000 inhabitants) in
south-eastern France. Thirty-three trapping sites were set in
various environments: ﬁve private gardens in a residential area,
14 public gardens, two farms and 12 horse-riding schools.
Sandﬂies were collected as previously described [15]. Brieﬂy,
CDC miniature light traps were adapted to sandﬂies with an
ultraﬁne mesh and hung 1–2 m above the ground for four
successive nights. Each morning, sandﬂies were collected,
identiﬁed morphologically by dissecting the genital organs
according to taxonomic keys [16] and pooled by species,
gender and trapping origin with a maximum of 30 individuals
per pool. Ground pools were used for inoculation into Vero
cells and for nucleic acid extraction [17]. For phlebovirus
detection, RT-PCR targeted two genes independently [17].
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For Leishmania detection, real-time PCR targeted kinetoplast
DNA [18].
Findings
A total of 814 sandﬂies were collected and organized in 99
pools. P. perniciosus was predominant (87.8%), followed by
Sergentomya minuta (11.1%) and P. ariasi (1.1%). Sandﬂies were
trapped in all trapping stations: 0.5–42.25 sandﬂies/trap were
captured on average each night depending on the location
(Fig. 1).
RT-PCR and virus isolation detected the Massilia virus in 2/
99 pools, both trapped in 2009. Leishmania DNA was detected
in 5/99 pools: three trapped in 2009, two trapped in 2010
(Fig. 2). Virus-positive pools were trapped in two horse-riding
schools. Leishmania-positive pools were trapped in horse-rid-
ing schools (3/5), a public garden (1/5) and a farm (1/5).
Although no pool was infected with both pathogens, two pools
obtained from the same horse-riding school proved, respec-
tively, positive for Massilia virus and for Leishmania.
Sandﬂies infected by Leishmania were found in a horse-riding
school located in the immediate vicinity of a commercial area
where tens of thousands of people come every week. The
public garden where sandﬂies were found positive for Leish-
mania was located in a crowded central district.
Conclusions and Discussion
Our results conﬁrm that P. perniciosus, a vector of L. infantum
and phleboviruses, dwells in the second most populated
French city, Marseille, corroborating previous results [19].
Sandﬂies dwell throughout the Marseille urban area, including
in residential areas, contrasting with other European cities
where they were found in speciﬁc environments such as
quarries or foothills [7,10]. Overall, in Marseille, well-known
favourable environments, such as small leisure horse farms,
probably play an important role in urban transmission but
residential areas and public gardens also appear suitable
environments.
This wide distribution of sandﬂies corroborates epidemi-
ological ﬁndings that human transmission of leishmaniasis was
widespread in Marseille [7,8]. The high prevalence of
leishmaniasis (80%) among dogs in Marseille conﬁrms our
ﬁndings and supports the importance of the canine reservoir
FIG. 1. Density of sandﬂies trapped in the urban area of Marseille
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even in urban areas [20]. These ﬁndings are of major
importance: urban areas did not appear at risk in a recent
risk-mapping of visceral leishmaniasis in France, maybe
because of collection biases [6]. Further entomological
investigations should predict which urban environments are
most suitable for sandﬂies.
Sandﬂies were found in the city centre and in the
immediate vicinity of crowded commercial areas. People
may be infected while attending these highly urban environ-
ments for leisure or professional purposes, rather than in the
area around their homes. Exposure to sandﬂies may also be
associated with speciﬁc recreational activities such as
horse-riding; the highest sandﬂy density was observed in the
12 horse-ridding schools. Another recent study supported
this hypothesis, underlining that sandﬂies are active there
during daylight [8].
This study demonstrates that sandﬂies encountered in
urban areas are actually infected with L. infantum and Massilia
virus. In Europe, this had only been shown in Lisbon [9],
while in Madrid and Athens urban transmission of L. infantum
was identiﬁed based on epidemiological and entomological
investigations [10,11]. Dual infection with Leishmania and
phleboviruses was not detected in our study, but locally
co-circulation of both pathogens occurs. Previous studies
showed that, in human sera from Marseille, seropositivity for
either Leishmania or Toscana virus was associated with
seropositivity for the other pathogen [8]. Toscana virus was
not found in this study, but was previously reported in
Marseille [4].
Overall, this interdisciplinary study combining entomolog-
ical, parasitological and virological investigations supports
epidemiological evidences that visceral leishmaniasis and
sandﬂy-borne phleboviruses can be acquired in the urban area
of Marseille [7]. Yet, current European monitoring pro-
grammes such as the EDENext campaign sponsored by the
European Union (http://www.edenext.eu/) mostly target rural
environments. Together with previous ﬁndings in Madrid,
Athens and Lisbon [9–11], our results stress the need to
consider urban transmission as well.
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FIG. 2. Detection of Leishmania infantum and Massilia virus among sandﬂies trapped in the urban area of Marseille shown on a land cover map.
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